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SEQUENCE LISTING 

<110> COSTA E SILVA, OSWALDO DA 
BOHNERT, HANS J. 
VAN THIELEN, NOCHA 
CHEN, ROUYING 

<120> GTP BINDING STRESS -RELATED PROTEINS AND METHODS OF USE 
IN PLANTS 

<130> 16313-0039 

<140> 09/828,310 
<141> 2001-04-06 

<150> 60/196,001 
<151> 2000-04-07 

<160> 50 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 805 
<212> DNA 

<213> Physcomitrella patens 
<400> 1 

tttttttttt ttgggggaac aatatttgga 
caaaaactgt ctagaaaacc aaaacgttcc 
tcgttatcgt cgctcttaaa caccgagcta 
gatgtactgg gtcatccact tgaaaccttc 
catgaaaacc tcaatgggcc gaatgttgct 
ggtcatggtc aacccaagtg tgaaccgcaa 
aatcttgttt cccaggacga gcacaggaac 
atcgagctct ttctttgact cagcaaatct 
tatagcatcc accttagcat agtagtccct 
cagatcgaat gctttgaact tcactctgtt 
cgttggttga tgttgcccca gtttctcatc 
agcattgtcg agacccagaa acaggatttt 
aagaaagccg taaaaccaat ctacaagaaa 
gccccaattt tccacgacct cgtgc 



<210> 2 
<211> 671 
<212> DNA 

<213> Physcomitrella patens 
<400> 2 

gcaccaggcg ccgcctgcct cagctcttag 
ttccttcttt ttttattttt tttattttct 
caatggctga gactttagtg ctgcgcggga 
ccatcgcctg ccctctcgac aaccctgacc 
tcatcgtctg gaccctcacc cgcgaggagg 
ccgggcacgc tcacttcgtg caggatgtgg 
cggggtcgtg ggacgggacc ttgcgtttgt 
ggttcatcgg tcacaccaag gatgtgctca 



agatacactt tacttcataa ttcggaaggt 60 
cgattacatg cacatccagc aaaactctga 12 0 
agttcctctt tcacaggaaa acaatcactr.t 180 
accgtacccc attttgcgca caatactgca 240 
atctcccagg ttcaccgttc ctttaccagt 300 
ctcgtcttca gaagaagcgt acgggatatrc 3 60 
ttgggacaga gaatcgtcgg agagaagaga 42 0 
ctccctgtct actgcgtcga cgagatacac 480 
ccacacgcgt cgagcgattg tgtggcca.cc 540 
gatactcaac tcctctgacg ttggatactg 600 
cttgagcatg tgcagaagag tagtcttgcc 660 
ggcctccttc tgccacagcc ctatgctcgc 720 
catggtacca gccttggtat ctacggaccc 780 

805 



ttctccgaat ttgacacttg tttcgtttgc 60 

tcttagtctt cttcctctct tgctca.tccc 120 

ctttgaaggg tcattccaac tgggtgaccg 180 

tcatcctctc gtcgtctcgc gacaagagca 24 0 

gcaactatgg tgtcgcccgc cgtaggctga 300 

tgatctcctc cgacggacag ttcgccctgt 3 60 

gggatttgaa caccggaact accacecggc 420 

gcgtggcttt ctccgttgat aacagetcaga 480 
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ttgtgtcggg atcccgcgac aagacaatca agctgtggaa cactcttggt gagtgcaagt 540 

acaccatcca ggacgtcgat gcccacactg ggtgggtgag ctgcgtccga ttctcccctg 600 

tgactgctaa ccctatcatt gtgtccggtg ggtgggacaa ggttgtcaag gtgtggaacc 660 

tgaccaactg c 671 



<210> 3 
<211> 749 
<212> DNA 

<213> Physcomitrella patens 
<400> 3 

gtattccccc cgttgtttca agcttttgca aacctgaatc acatcacgtt gagtcttctg 60 

ctgagtctca aagtagggga tccctccttt cctggcacac catgctttgc cttcttctcg 120 

gagaccactc gactattgcc accatccacg tccactttat gttccaagta ctacaaaggg 180 

gaagttctcc tgatcggatg ggcttgcctg aatcagaaac tcgtccctcc agttgtcaag 240 

gttatcaaaa gacttcataa cattcacatc gtagacaaga acacaacatc tgcaccacga 300 

taaaaggcga ctccaagact ctgaaaccgc tcttgcccag ctgtatccca aatctgcatc 360 

gtaacaagtc tgtcttcaac ctgcacttcc ttagttagaa agtctgcccc aatagtggcc 420 

ttatattgat tgctgaattt cttattaaca tactgattca tcaaagaagt ctttccaacc 480 

ccgctatcac cgaggatgat aactttcaac aacgtcctct tgcgggccga catcgcagac 54 0 

tgattctcca atctcctgct tccaattctt aaccctcaca actgccctgg ctccaaaatc 600 

acgccttcct tcacgactcc ctccccggtc ccaagcagag cttctcgatg aaaattgttc 660 

ttcgaaaacc gagatccgcg gctgtagtgc atcaaattct acaaggaaga gtgcgttctg 720 

gtgccgagga atcgagcgta cactggtgc " ~ 749 



<210> 4 
<211> 815 
<212> DNA 

<213> Physcomitrella patens 
<220> 

<221> modif ied_base 
<222> (782) 

<223> a, t, c, g, other or unknown 
<400> 4 

cggcaccaga aaatatacgc ggtgttcgac aatcaactgc cagctgcttt gaagaagctt 60 
ccgttcgaca agcatctgtc tgggcagaat gtgcgaagga ttgtttcgga ggctgatggt 12 0 
taccagcccc atcttatagc tccggagcaa ggttacaggc ggctaattga aagttcgctg 180 
caatttttca ggggcccagc ggaggcagta gtggatgcag taagtcactc tgttgcaacg 240 
ataaatgaac agtaacgttt ctagattttc acgaattcaa tttttctcca tcaaggatat 300 
tttctagtca cgacattctg catacttacc agtagcacag ggttcggctg attcgtgatt 360 
gtgtgacaac ccaggtgcat ttcattctta gggacctggt gcgaaaatcg atcggagagt 420 
gttcggtaag ggtctgagac tttggaattt ccttgcctgt aagaacgtgc tgggttacca 480 
gcggaacctg tcacttgtga ccaccaagag tgctagctat atctttctag cttatgttaa 540 
ttggtttaat gtttttagta cctcactgac ttaaaccgaa cttggaagcg agaataggaa 600 
tgatgtgctt gatgtcaacc ttcattctca caggaactga agagatttcc atcactccaa 660 
gcggagatgg tcaagcagcc attgagtcgt tagagaggat gaagatgaga gcagaagacc 720 
ctttgaggcg gggacatgga atcacctacc tgacgggcaa ttttccgaag ctgcgaaaat 780 
gnaaggtgaa ccgcgcgcag taagacgtac ggtac ~ 815 



<210> 5 

<211> 490 

<212> DNA 

<213> Physcomitrella patens 
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<400> 5 

gcacgagtgc ttctgtagct cccgattcac 
accagattgg tgcacaatgg ccgcagacga 
aaccggatcg gaagctcctg cggaaggagc 
ggacacaggt gctcaaatcg cgcctatcgt 
cgaagaggat gaagacgtgc tgattgatat 
aggaacccag tggaaagagc ggggcgttgg 
cagaaaggtc cgattgctca tgcgacaaaa 
ggttacggca gctactcaac tgcaagagca 
tgcgcgagac 



ctgccttgca tagatcgtcg tccaccctca 60 
cgagaagcaa gcacgggagg tggaggagac 12 0 
tgatgagcct accaaggctg gcgaggagga 180 
aacattacag gaagttgctg ttagcactgg 24 0 
gaaagctaag ctttaccgat ttgacaagga 3 00 
ccaagttaag atattagagc ataagactac 360 
tcggaccctg aagatctgtg ctaatcacat 420 
cgctggtagt gataagtcat ggatatggca 4 80 

490 



<210> 6 
<211> 667 
<212> DNA 

<213> Physcomitrella patens 
<400> 6 

atcccgggtc cgtagatacc aaggctggta 
ttcttgcgag catagggctg tggcagaagg 
atgctggcaa gactactctt ctgcacatgc 
caacgcagta tccaacgtca gaggagttga 
atctgggtgg ccacacaatc gctcgacgcg 
ctatagtgta tctcgtcgac gcagtagaca 
tcgattctct tctctccgac gattctctgt 
agattgatat cccgtacgct tcttctgaag 
tgaccactgg taaaggaacg gtgaacctgg 
tcatgtgcag tattgtgcgc aaaatggggt 
acatcaagtg attgttttcc tgtgaaagag 
ttaacgc 



ccatgtttct tgtagattgg ttttacggct 60 
aggccaaaat cctgtttctg ggtctcgaca 12 0 
tcaaggatga gaaactgggg caacatcaac 180 
gtatcaacag agtgaagttc aaagcattcg 240 
tgtggaggga ctactatgct aaggtggatg 300 
gggagagatt tgctgagtca aagaaagagc 360 
cccaagttcc tgtgctcgtc ctgggaaaca 42 0 
acgagttgcg gttcacactt gggttcjacca 480 
gagatagcaa cattcggccc attgaggttt 540 
acggtgaagg tttcaagtgg atgacccagt 600 
gaacttagct cggtgtttaa gagcgacgag 660 

667 



<210> 7 
<211> 1045 
<212> DNA 

<213> Physcomitrella patens 
<400> 7 

atcccgggcc tctcttgctc atccccaatg 
aagggtcatt ccaactgggt gaccgccatc 
ctctcgtcgt ctcgcgacaa gagcatcatc 
tatggtgtcg cccgccgtag gctgaccggg 
tcctccgacg gacagttcgc cctgtcgggg 
ttgaacaccg gaactaccac ccggcggttc 
gctttctccg ttgataacag acagattgtg 
tggaacactc ttggtgagtg caagtacacc 
gtgagctgcg tccgattctc ccctgtgact 
gacaaggttg tcaaggtgtg gaacctgacc 
cacaccggat atgtcaacac agtaactgta 
ggtaaggatg gagtcgccat gttgtgggat 
gacgccggtg atatcatcca ctccctttgc 
gccacccaat cctgcatcaa gatctgggac 
cgccccgagt tcactttcgt cagtaagaag 
tggagcgctg acgggagcac tcttttcagt 
gccgtcggaa gggcttaagc gtcttctcat 
tctctgatta gtgcctcgag ctcgc 



gctgagactt tagtgctgcg cgggactttg 60 
gcctgccctc tcgacaaccc tgacctcatc 120 
gtctggaccc tcacccgcga ggagggcaac 180 
cacgctcact tcgtgcagga tgtggtgatc 240 
tcgtgggacg ggaccttgcg tttgtgggat 3 00 
atcggtcaca ccaaggatgt gctcagcgtg 3 60 
tcgggatccc gcgacaagac aatcaagctg 420 
atccaggacg tcgatgccca cactgggtgg 4 80 
gctaacccta tcattgtgtc cggtgggtgg 540 
aactgcaaga ttcgctccaa cttggttggc 600 
tcccctgatg gttcgttgtg cgccagcgga 660 
ttgtctgagg gcaagaggct gtactcactg 720 
tttagcccca acagatactg gttgtgtgcc 780 
ttggagagca agagcattgt cgatgagttg 840 
gcccagattc cttactgcgt cagcttgaac 900 
ggttacactg atggccacat tagggtgtgg 960 
ttacggggtc gcaatgcgga agtacggcgt 102 0 

1045 
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<210> 8 
<211> 698 
<212> DNA 

<213> Physcomitrella patens 
<400> 8 

atcccgggca ggagattgga gaatcagtct 
aaagttatca tcctcggtga tagcggggtt 
aataagaaat tcagcaatca atataaggcc 
gtgcaggttg aagacagact tgttacgatg 
tttcagagtc ttggagtcgc cttttatcgt 
gtgaatgtta tgaagtcttt tgataacctt 
gcaagcccat ccgatcagga gaacttcccc 
gatggtggca atagtcgagt ggtctccgag 
ggaggcatcc cctactttga gacatcagcc 
cagtgtattg ccaagaacgc attgaagaac 
acgatcgacg tgaacgccag caggccacag 
cggagttgct gcgatgggaa atgccaggtc 



<210> 9 

<211> 2119 

<212> DNA 

<213> Physcomitrella patens 



gcgatgtcgg cccgcaagag gacgttgttg 60 
ggaaagactt ctttgatgaa tcagtatgtt 120 
actattgggg cagactttct aactaaggaa 180 
cagatttggg atacagctgg gcaagagcgg 240 
ggtgcagatt gttgtgttct tgtctacgat 300 
gacaactgga gggacgagtt tctgattcag 3 60 
tttgtagtac ttggaaataa agtggacgtg 420 
aagaaggcca aagcatggtg tgcagcgaaa 4 80 
aaggaagact tcaacgtgga tgctgcattc 540 
gagacggagg aggaaattta cctgcctgat 600 
aaaacttccg gatgcgagtg ttaagagtag 660 
gagctcgc 698 



<400> 9 

atcccgggca cgcctccacc ctcttgggtc 
cttctgcaac cgatcgccgg aagcctagat 
cttgggcgta acgaatactt gtaaatccaa 
ggcttgtgaa taggattcag agggcttgca 
cagttgcaag tctctgggag gccttgcctt 
gaaagtcttc agtgctggaa agtatcgttg 
tcgttactag gcgtccgttg gttttgcaac 
acgcagagtt tctccacatg cccaaaaagc 
agatctcaga cgagacggac cgaatgactg 
ttcagcttag cgtttattcc cccaatgttg 
ttacaaaaat tgctgttgat ggccaatccg 
tccggtcata tattgagaag caaaattcta 
atatcgccac ttcagatgct atgaagattg 
cttttggggt ccttaccaag ttggatctga 
ttgaaggacg ctcctaccgt ttacaacatc 
aggacatcaa caaggaagtg aacatgatag 
caaccagtca agattacggt cacctggcca 
tgctctccaa gcatttggaa gccgtgatca 
ttaacaaaag tattgacgag atcgagatgg 
atgatgcagg ggctcagctg tacactatcc 
tcaaggacca tctggatgga gcacgccccg 
atcaactgcc agctgctttg aagaagcttc 
tgcgaaggat tgtttcggag gctgatggtt 
gttacaggcg gctaattgaa agttcgctgc 
tggatgcagt gcatttcatt cttagggacc 
aactgaagag atttccatca ctccaagcgg 
agaggatgag agatgagagc aagaagacca 
acctgaccgt ggactttttc cgaaagctgc 
ctgccgcagc taacgaccgt tacacggata 
cagcgtacgt tggcatggtt tgcgatcagc 
actgtcaagt tcgagaagcg aagaggtcat 



acatctcttt cttctctggt gggcgtcgca 60 
accgacattg gcggtaccag gcttgcggga 120 
ggggagattg caagatggat aatttgattg 18 0 
ctgccctcgg tgaccatgga ggcgaaggtg 240 
cggttgctgt cgttggtggg cagagttcgg 3 00 
gacgtgattt tctccctcgg ggttctggta 360 
tgcacaaaac tgatgaaggc acacaggagt 420 
ggtttactga ctttgctgct gtaaggaagg 4 80 
gacggggcaa gggaatttcg gttgtgccaa 540 
tgaatttgac tctcatcgat cttccgggac 600 
acagcatcgt gcaagacatt gagaacatgg 660 
tcattcttgc cgtgtctcca gcgaatcaag 720 
ctagagaagt ggatcctact ggagagagga 780 
tggacaaggg gacaaatgcc cttgatgtcc 84 0 
cgtgggtagg agttgtgaat cgttcccagc 900 
cagcaagacg cagagagcga gaatactttg 960 
gcaagatggg ttctgaatat ttggggaaag 1020 
agtcccgtat tcctagcatc caggctatga 1080 
agctgaatca gatcggccgg cctcttgcaa 1140 
tggaactttg tcgggccttc gatcgaatct 1200 
gtggtgataa aatatacgcg gtgttcgaca 1260 
cgttcgacaa gcatctgtct gggcagaatg 1320 
accagcccca tcttatagct ccggagcaag 1380 
aatttttcaa gggcccagcg gaggcagtag 1440 
tggtgcgaaa atcgatcgga gagtgttcgg 1500 
agattgctca agcagccatt gagtcgttag 1560 
ctttgaggct ggtggacatg gaatccagct 1620 
cgcaagagat tgagaagggt ggaaacgctg 1680 
accacttgcg gcgcattggt tccaatgtgg 1740 
tgaggaactc tttgcccaaa gctgctgtcc 1800 
tgatggacca cttttacact caaataggca 1860 



agcgggaggg aaagcaattg tcagcgatgc 
gagttcagct gtcaaagaga ctggagcttt 
ttgcctggaa gtagttgggg ggtcgtactt 
catttattca tagcagctct tttcccttgg 
tcaactccca ggagctcgc 
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tggatgagga ccctgctttg atggaacgga 1920 
acaaacaagc cagggacgag attgattctg 1980 
aatttatacc tatttcatta ctgaatgttg 2040 
agaacgataa ttacagttac atccaagccc 2100 

2119 



<210> 10 
<211> 883 
<212> DNA 

<213> Physcomitrella patens 
<400> 10 

atcccgggcg tccaccctca accagattgg tgcacaatgg ccgcagacga cgagaagcaa 60 
gcacgggagg tggaggagac aaccggatcg gaagctcctg cggaaggagc tgatgagcct 12 0 
accaaggctg gcgaggagga ggacacaggt gctcaaatcg cgcctatcgt aacattacag 180 
gaagttgctg ttagcactgg cgaagaggat gaagacgtgc tgattgatat gaaagctaag 240 
ctttaccgat ttgacaagga aggaacccag tggaaagagc ggggcgttgg ccaagttaag 3 00 
atattagagc ataagactac cagaaaggtc cgattgctca tgcgacaaaa tcggaccctg 360 
aagatctgtg ctaatcacat ggttacggca gctactcaac tgcaagagca cgctggtagt 420 
gataagtcat ggatatggca tgcgcgagac tattcagacg gcgagttaaa ggaggagctt 4 80 
ttctgcatgc gatttggcag tgttgaaagc gcccaaaagt ttaaagatgt ttatgaggct 540 
gcccaggaga aggtgtctag caagacagag gagaaggacg aggaggctga tgcgactgca 600 
gaccttttac aaaatttgaa agtggaacca aaaactgata aggtcgatgt tcctgaggaa 660 
acgaatactg gaaccaaagc agcgtagatt ggacagtatg ggtgtgatca acatgtgctt 72 0 
gggtcgttgg aaggtagtta tacgtggcac taaactggtt tcgagtgttg atgtttttaa 780 
accctcgtcc agggtcggaa tttggaatgc ttctcctgaa gtgaaaaaag ttaatcgtgt 84 0 
aaacctttat tagtgttaat aagtacgcca gttgcgagct cgc 883 



<210> 11 

<211> 192 

<212> PRT 

<213> Physcomitrella patens 

<400> 11 

Met Phe Leu Val Asp Trp Phe Tyr Gly Phe Leu Ala Ser lie Gly Leu 
1 5 10 15 

Trp Gin Lys Glu Ala Lys He Leu Phe Leu Gly Leu Asp Asn Ala Gly 
20 25 " 30 

Lys Thr Thr Leu Leu His Met Leu Lys Asp Glu Lys Leu Gly Gin His 
35 40 ' 45 

Gin Pro Thr Gin Tyr Pro Thr Ser Glu Glu Leu Ser He Asn Arg Val 
50 55 60 

Lys Phe Lys Ala Phe Asp Leu Gly Gly His Thr He Ala Arg Arg Val 
65 70 75 80 

Trp Arg Asp Tyr Tyr Ala Lys Val Asp Ala He Val Tyr Leu Val Asp 
85 90 95 

Ala Val Asp Arg Glu Arg Phe Ala Glu Ser Lys Lys Glu Leu Asp Ser 
100 105 110 



Leu Leu Ser Asp Asp Ser Leu Ser 
115 120 

Asn Lys He Asp He Pro Tyr Ala 
130 135 

Thr Leu Gly Leu Thr Met Thr Thr 
145 150 

Asp Ser Asn He Arg Pro He Glu 
165 

Lys Met Gly Tyr Gly Glu Gly Phe 
180 
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Gin Val Pro Val Leu Val Leu Gly 
125 

Ser Ser Glu Asp Glu Leu Arg Phe 
140 

Gly Lys Gly Thr Val Asn Leu Gly 
155 160 

Val Phe Met Cys Ser He Val Arg 
170 175 

Lys Trp Met Thr Gin Tyr He Lys 
185 190 



<210> 12 

<211> 316 

<212> PRT 

<213> Physcomitrella patens 

<400> 12 

Met Ala Glu Thr Leu Val Leu Arg Gly Thr Leu Lys Gly His Ser Asn 
1 5 io 15 

Trp Val Thr Ala He Ala Cys Pro Leu Asp Asn Pro Asp Leu He Leu 
20 25 30 

Ser Ser Ser Arg Asp Lys Ser He He Val Trp Thr Leu Thr Arg Glu 
35 40 45 

Glu Gly Asn Tyr Gly Val Ala Arg Arg Arg Leu Thr Gly His Ala His 
50 55 go 

Phe Val Gin Asp Val Val He Ser Ser Asp Gly Gin Phe Ala Leu Ser 
65 70 75 eo 

Gly Ser Trp Asp Gly Thr Leu Arg Leu Trp Asp Leu Asn Thr Gly Thr 
85 90 95 

Thr Thr Arg Arg Phe He Gly His Thr Lys Asp Val Leu Ser Val Ala 
100 105 no 

Phe Ser Val Asp Asn Arg Gin He Val Ser Gly Ser Arg Asp Lys Thr 
115 120 125 

He Lys Leu Trp Asn Thr Leu Gly Glu Cys Lys Tyr Thr He Gin Asp 
130 135 140 

Val Asp Ala His Thr Gly Trp Val Ser Cys Val Arg Phe Ser Pro Val 
145 150 155 ~ iso 

Thr Ala Asn Pro He He Val Ser Gly Gly Trp Asp Lys Val Val Lys 
165 170 X75 

Val Trp Asn Leu Thr Asn Cys Lys He Arg Ser Asn Leu Val Gly His 
180 185 190 
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Thr Gly Tyr Val Asn Thr Val Thr Val Ser Pro Asp Gly Ser Leu Cys 
195 200 205 

Ala Ser Gly Gly Lys Asp Gly Val Ala Met Leu Trp Asp Leu Ser Glu 
210 215 220 

Gly Lys Arg Leu Tyr Ser Leu Asp Ala Gly Asp He He His Ser Leu 
225 230 235 240 

Cys Phe Ser Pro Asn Arg Tyr Trp Leu Cys Ala Ala Thr Gin Ser Cys 
245 250 255 

He Lys He Trp Asp Leu Glu Ser Lys Ser He Val Asp Glu Leu Arg 
260 265 270 

Pro Glu Phe Thr Phe Val Ser Lys Lys Ala Gin He Pro Tyr Cys Val 
275 280 285 

Ser Leu Asn Trp Ser Ala Asp Gly Ser thr Leu Phe Ser Gly Tyr Thr 
290 295 300 

Asp Gly His He Arg Val Trp Ala Val Gly Arg Ala 
305 310 ^ 315 



<210> 13 

<211> 206 

<212> PRT 

<213> Physcomitrella patens 

<400> 13 

Met Ser Ala Arg Lys Arg Thr Leu Leu Lys Val He He Leu Gly Asp 
1 5 10 15 

Ser Gly Val Gly Lys Thr Ser Leu Met Asn Gin Tyr Val Asn Lys Lys 
20 25 30 

Phe Ser Asn Gin Tyr Lys Ala Thr He Gly Ala Asp Phe Leu Thr Lys 
35 40 45 

Glu Val Gin Val Glu Asp Arg Leu Val Thr Met Gin He Trp Asp Thr 
50 55 60 

Ala Gly Gin Glu Arg Phe Gin Ser Leu Gly Val Ala Phe Tyr Arg Gly 
65 70 75 80 

Ala Asp Cys Cys Val Leu Val Tyr Asp Val Asn Val Met Lys Ser Phe 
85 90 " 95 

Asp Asn Leu Asp Asn Trp Arg Asp Glu Phe Leu He Gin Ala Ser Pro 
100 105 no 

Ser Asp Gin Glu Asn Phe Pro Phe Val Val Leu Gly Asn Lys Val Asp 
115 120 125 

Val Asp Gly Gly Asn Ser Arg Val Val Ser Glu Lys Lys Ala Lys Ala 
I 30 135 140 
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Trp Cys Ala Ala Lys Gly Gly He Pro Tyr Phe Glu Thr Ser Ala Lys 
145 150 155 160 

Glu Asp Phe Asn Val Asp Ala Ala Phe Gin Cys He Ala Lys Asn Ala 
165 170 175 

Leu Lys Asn Glu Thr Glu Glu Glu He Tyr Leu Pro Asp Thr He Asp 
180 185 190 

Val Asn Ala Ser Arg Pro Gin Lys Thr Ser Gly Cys Glu Cys 
195 200 4 205 



<210> 14 
<211> 609 
<212> PRT 

<213> Physcomitrella patens 
<400> 14 

Met Asp Asn Leu He Gly Leu Val Asn Arg He Gin Arg Ala Cys Thr 
15 10 ~ 15 

Ala Leu Gly Asp His Gly Gly Glu Gly Ala Val Ala Ser Leu Trp Glu 
20 25 30 

Ala Leu Pro Ser Val Ala Val Val Gly Gly Gin Ser Ser Gly Lys Ser 
35 40 45 

Ser Val Leu Glu Ser He Val Gly Arg Asp Phe Leu Pro Arg Gly Ser 
50 55 60 

Gly He Val Thr Arg Arg Pro Leu Val Leu Gin Leu His Lys Thr Asp 
65 70 75 80 

Glu Gly Thr Gin Glu Tyr Ala Glu Phe Leu His Met Pro Lys Lys, Arg 
85 90 9'5 

Phe Thr Asp Phe Ala Ala Val Arg Lys Glu He Ser Asp Glu Th.r Asp 
100 105 no 

Arg Met Thr Gly Arg Gly Lys Gly He Ser Val Val Pro He Gin Leu 
115 120 125 

Ser Val Tyr Ser Pro Asn Val Val Asn Leu Thr Leu He Asp 3ueu Pro 
130 13 5 140 

Gly Leu Thr Lys He Ala Val Asp Gly Gin Ser Asp Ser He Val Gin 
145 150 155 160 

Asp He Glu Asn Met Val Arg Ser Tyr He Glu Lys Gin Asn Ser He 
165 170 175 

He Leu Ala Val Ser Pro Ala Asn Gin Asp He Ala Thr Ser Asp Ala 
180 185 190 

Met Lys He Ala Arg Glu Val Asp Pro Thr Gly Glu Arg Thr Phe Gly 
195 200 205 
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Val Leu Thr Lys Leu Asp Leu Met Asp Lys Gly Thr Asn Ala Leu Asp 
210 215 220 



Val Leu Glu Gly Arg Ser Tyr Arg Leu Gin His Pro Trp Val Gly Val 
225 230 235 



240 



Val Asn Arg Ser Gin Gin Asp lie Asn Lys Glu Val Asn Met He Ala 
245 250 255 

Ala Arg Arg Arg Glu Arg Glu Tyr Phe Ala Thr Ser Gin Asp Tyr Gly 
260 265 270 

His Leu Ala Ser Lys Met Gly Ser Glu Tyr Leu Gly Lys Val Leu Ser 
275 280 285 

Lys His Leu Glu Ala Val He Lys Ser Arg He Pro Ser He Gin Ala 
290 295 300 

Met He Asn Lys Ser He Asp Glu He Glu Met Glu Leu Asn Gin He 
305 310 315 320 

Gly Arg Pro Leu Ala Asn Asp Ala Gly Ala Gin Leu Tyr Thr He Leu 
325 330 ' 335 

Glu Leu Cys Arg Ala Phe Asp Arg He Phe Lys Asp His Leu Asp Gly 
340 345 350 

Ala Arg Pro Gly Gly Asp Lys He Tyr Ala Val Phe Asp Asn Gin Leu 
355 360 365 

Pro Ala Ala Leu Lys Lys Leu Pro Phe Asp Lys His Leu Ser Gly Gin 
370 375 380 

Asn Val Arg Arg He Val Ser Glu Ala Asp Gly Tyr Gin Pro His Leu 
385 390 395 400 

He Ala Pro Glu Gin Gly Tyr Arg Arg Leu He Glu Ser Ser Leu Gin 
405 410 415 

Phe Phe Lys Gly Pro Ala Glu Ala Val Val Asp Ala Val His Phe He 
420 425 430 

Leu Arg Asp Leu Val Arg Lys Ser He Gly Glu Cys Ser Glu Leu Lys 
435 440 445 

Arg Phe Pro Ser Leu Gin Ala Glu He Ala Gin Ala Ala He Glu Ser 
450 455 460 



Leu Glu Arg Met Arg Asp Glu Ser Lys Lys Thr Thr Leu Arg Leu Val 
465 470 475 480 

Asp Met Glu Ser Ser Tyr Leu Thr Val Asp Phe Phe Arg Lys Leu Pro 
485 490 495 

Gin Glu He Glu Lys Gly Gly Asn Ala Ala Ala Ala Ala Asn Asp Ara 
500 505 510 



Tyr Thr Asp Asn His Leu Arg Arg 
515 520 

Val Gly Met Val Cys Asp Gin Leu 
530 535 

Val His Cys Gin Val Arg Glu Ala 
545 550 

Tyr Thr Gin lie Gly Lys Arg Glu 
565 

Asp Glu Asp Pro Ala Leu Met Glu 
580 

Leu Glu Leu Tyr Lys Gin Ala Arg 
595 600 

Lys 
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lie Gly Ser Asn Val Ala Ala Tyr 
525 

Arg Asn Ser Leu Pro Lys Ala Ala 
540 

Lys Arg Ser Leu Met Asp His Phe 
555 560 

Gly Lys Gin Leu Ser Ala Met Leu 
570 575 

Arg Arg Val Gin Leu Ser Lys Arg 
585 590 

Asp Glu lie Asp Ser Val Ala Trp 
605 



<210> 15 
<211> 216 
<212> PRT 

<213> Physcomitrella patens 
<400> 15 

Met Ala Ala Asp Asp Glu Lys Gin Ala Arg Glu Val Glu Glu Thr Thr 
1 5 10 15 

Gly Ser Glu Ala Pro Ala Glu Gly Ala Asp <31u Pro Thr Lys Ala Gly 
20 25 30 

Glu Glu Glu Asp Thr Gly Ala Gin He Ala Pro He Val Thr Leu Gin 
35 40 45 

Glu Val Ala Val Ser Thr Gly Glu Glu Asp Glu Asp Val Leu He Asp 
50 55 60 

Met Lys Ala Lys Leu Tyr Arg Phe Asp Lys Glu Gly Thr Gin Trp Lys 
65 70 75 * 80 

Glu Arg Gly Val Gly Gin Val Lys He Leu Glu His Lys Thr Thr Arg 
85 90 95 

Lys Val Arg Leu Leu Met Arg Gin Asn Arg Thr Leu Lys He Cys Ala 
100 105 no 

Asn His Met Val Thr Ala Ala Thr Gin Leu Gin Glu His Ala Gly Ser 
115 120 125 

Asp Lys Ser Trp He Trp His Ala Arg Asp Tyr Ser Asp Gly Glu Leu 
130 135 140 

Lys Glu Glu Leu Phe Cys Met Arg Phe Gly Ser Val Glu Ser Ala Gin 
145 150 155 i 6 o 
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<400> 19 

tgccagcatt gtcgagaccc agaaa 

<210> 20 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 20 

atcccgggtc cgtagatacc aaggctggt 

<210> 21 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 21 

gcgttaactc gtcgctctta aacaccgagc taag 

<210> 22 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 22 

atcccgggcc tctcttgctc atccccaatg gctg 

<210> 23 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 23 

gcgagctcga ggcactaatc agagaacgcc gta 

<210> 24 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Primer 
<400> 24 

cacaactgcc ctggctccaa aatca 

<210> 25 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 25 

atcccgggca ggagattgga gaatcagtct gc 

<210> 26 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 26 

gcgagctcga ccctggcatt tcccatcgca gcaa 

<210> 27 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 27 

tactgcatcc actactgcct ccgct 



<210> 28 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 28 

atcccgggca cgcctccacc ctcttgggtc aca 



<210> 29 
<211> 33 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 29 

gcgagctcct gggagttgag ggcttggatg taa 

<210> 30 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 30 

tgtcctcctc ctcgccagcc ttggt 

<210> 31 

<211> 33 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 31 

atcccgggcg tccaccctca accagattgg tgc 

<210> 32 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 32 

gcgagctcgc aactggcgta cttattaaca eta 

<210> 33 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 33 

gegctgeaga tttcatttgg agaggacacg 



15/18 



<210> 34 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 34 

cgcggccggc ctcagaagaa ctcgtcaaga aggcg 

<210> 35 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 35 

gctgacacgc caagcctcgc tagtc 

<210> 36 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 36 

gcgttaactc gtcgctctta aacaccgagc taag 

<210> 37 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 37 

gcgagctcga ggcactaatc agagaacgcc gta 

<210> 38 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 38 

gcgagctcga ccctggcatt tccoatcgca gcaa 
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<210> 39 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 39 

gcgagctcct gggagttgag ggcttggatg taa 

<210> 40 

<211> 33 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 40 

gcgagctcgc aactggcgta cttattaaca eta 

<210> 41 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 41 

atcccgggtc egtagatace aaggctggt 

<210> 42 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 42 

gcgttaactc gtegctctta aacaccgagc taag 

<210> 43 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
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<400> 43 

atcccgggcc tctcttgctc atccccaatg gctg 

<210> 44 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 44 

gcgagctcga ggcactaatc agagaacgcc gta 

<210> 45 
<211> 32 
<212> DNA 

<213> Artificial Sequence 

<2.2 0> 

<223> Description of Artificial Sequence: Primer 
<400> 45 

atcccgggca ggagattgga gaatcagtct gc 

<210> 46 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 46 

gcgagctcga ccctggcatt tcccatcgca gcaa 

<210> 47 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 47 

ggcacacagg agtacgcaga gtttc 

<210> 48 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Primer 
<400> 48 

cgctctctgc gtcttgctgc tatcatg 

<210> 49 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 49 

atcccgggcg tccaccctca accagattgg tgc 

<210> 50 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<400> 50 

gcgagctcgc aactggcgta cttattaaca eta 



33 



